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The introductory chapter to this book described the major problems in waterpricing policy in much of the world: prevailing low water prices and high sub-sidies for capital investment and O&M costs threaten the financial viability
of irrigation and urban water supplies, creating a particularly serious problem given
the huge financial resources that these sectors will require in the future. Low water
prices and poor cost recovery compromise the efficient maintenance of existing water
infrastructure as well as the additional investments necessary to develop future
water projects. Perhaps even more fundamentally, low water prices encourage mis-
allocation and wasteful water use in all sectors. A key motive for reforming water
pricing policies is the growing competition between domestic, industrial, irrigation
and environmental uses, especially in arid or semi-arid regions. If higher water prices
could substantially reduce the withdrawal of water in other sectors, the savings would
be available for environmental uses. 
Despite the potential benefits of higher water prices, policymakers have found
it difficult to raise them, especially in the agricultural sector, because of concerns
over impacts on food production and farmer and poor household incomes, and
about the associated political risk of increasing water charges (Molle 2001 and
2002; de Fraiture and Perry 2002). Adding to the difficulty of pricing reform, both
long-standing practice and cultural and religious beliefs have treated water as a free
resource, and entrenched interests benefit from the existing system of subsidies and
administered allocations of water. Equity concerns are intensified by evidence that
the responsiveness of agricultural water demand to changes in water prices is gen-
erally very low, and that price increases sufficient to reduce demand significantly
could greatly depress farm incomes (Berbel and Gomez-Limon 2000; Rosegrant et
al. 2000; Perry 1996).
The purpose of this chapter is to explore the potential of higher water prices
in achieving water conservation and balancing direct human consumptive water uses
with environmental water uses globally. Detailed discussion of the pros and cons,
feasibility, and appropriate institutional design of water pricing, water markets,
and water trading is beyond the scope of this book; these issues have been treated
extensively in the literature (Molle 2002; Perry 2001; Johansson 2000; Dinar and
Subramanian 1997; Easter, Rosegrant, and Dinar 1998; Rosegrant and Binswanger
1994). It is important, however, to briefly discuss policy options in response to the
problems of implementing water pricing policy reform. 
Most obviously, equity issues must be addressed to ensure water provision to
low-income households harmed by high water prices; but current pricing systems
are themselves highly inequitable with the bulk of subsidies going to the relatively
well-off (as summarized in Chapter 1). Water pricing systems could be designed and
implemented to provide increased incentives for water conservation without reduc-
ing incomes, and possibly even enhancing the incomes of the poor. In the domes-
tic and industrial water sectors, water price increases could be made directly,
replacing existing generalized subsidies with subsidies targeted to the poor. 
Designing a water pricing system for agriculture to protect farm incomes is
more challenging. Direct water price increases are likely to be punitive to farmers
because water is such a significant input to production. Nevertheless, pricing
schemes could be designed that, rather than charging farmers for using water, pay
them for reducing water use (Pezzey 1992; Rosegrant and Cline 2002).  Higher
water prices establishing incentives for more efficient use could also be achieved
through the development of water markets and water trading (Easter, Rosegrant,
and Dinar 1998). See Chapter 9 for a discussion of water pricing and incentive
mechanisms that we consider both feasible and able to protect or enhance the
incomes of the poor. 
INCREASED WATER PRICING SCENARIOS
A key motive for reforming water pricing policies is the growing competition
between irrigation and environmental uses, especially in arid or semi-arid regions.
We examine several scenarios where water prices are higher than those under BAU.
Using available data and various policy assumptions, our analysis focuses on the
impacts on food security and environmental water reservation given the irrigation
sector will continue to be the major water user and the conflict between irrigation
demand and environmental requirements is growing. The scenarios are analyzed
based on varying levels of water use efficiency, measured as basin efficiency (BE), and
the proportion of conserved water allocated to the environment. The four scenar-
ios presented here use the climate regime of 1961–90 as compared with the 30 cli-
mate scenario simulations used in the BAU, CRI, and SUS scenarios of the previous
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chapters. This format simulates a normal weather pattern over the projection peri-
od. Specific projection results are annual average values for the period 2021–25.1
Higher Water Pricing Scenario Specification
The four higher price scenarios are defined based on the extent to which water use
efficiency improvements are induced by higher prices and the redistribution of con-
served water from the non-irrigation sectors to irrigation and environmental uses.
Depending on policy assumptions, water savings from domestic and industrial sec-
tors resulting from the higher water prices can be reserved for environmental uses
or be fully used for irrigation. If some fraction of the amount released from non-
irrigation sectors is allocated to irrigation, actual water consumption for irrigation
can increase in water-scarce basins constrained by water availability rather than price,
despite the higher irrigation water prices. 
The four higher water price scenarios are:
1) The higher price scenario (HP) under which higher water prices are imple-
mented, water use efficiency remains the same as under the BAU scenario, and
a large portion of the conserved water is allocated to environmental uses;
2) The higher price, lower environmental water share scenario (HP-LENV),
under which higher water prices are implemented, water use efficiency remains
the same as under the BAU scenario, but irrigation has first priority on con-
served water from domestic and industrial sectors.
3) The higher price, higher basin efficiency scenario (HP-HE) under which high-
er water prices are implemented, water use efficiency is higher than under the
BAU scenario, and a large portion of the conserved water is allocated to envi-
ronmental uses; and
4) The higher price, higher basin efficiency, lower environmental water share sce-
nario (HP-HE-LENV) under which higher water prices are implemented,
water use efficiency is higher than under the BAU scenario, but irrigation has
first priority on conserved water from domestic and industrial sectors.
Note that given the large share of water allocated to the environment under the
HP and HP-HE scenarios, we don't present scenarios with 100 percent of conserved
water allocated to the environment. The specific values for BE and the share of water
reserved for environmental uses for each scenario for various regions are shown in
Table 6.1.
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Water Prices
Compared with BAU, under all four higher water price scenarios, water prices for
agriculture, industry, and connected households are assumed to increase gradually
during 2000–25. By 2025, water prices are 1.75–2.25 times higher for industrial
water use, 1.5–2.0 times higher for domestic water use, and 2–3 times higher for
agricultural water use than under BAU.
Price Elasticity of Water Demand
The price elasticity of water demand is very important to water demand manage-
ment and public policies related to water use.2 These values allow policymakers to
determine the level at which consumers will respond to changes in water price and
hence to adopt the most effective policies. We assessed water price elasticities and
compiled results from estimates in relevant empirical studies for domestic, indus-
trial, and agricultural water demand. Many studies have been conducted, but the
Table 6.1Selected assumptions for the four higher water price scenarios
HP HP-LENV HP-HE HP-HE-LENV
Priority Priority Priority Priority
environ- environ- environ- environ-
mental mental mental mental
BE share BE share BE share BE share
Region/Country (ratio) (%) (ratio) (%) (ratio) (%) (ratio) (%)
United States 0.77 89 0.77 0 0.82 89 0.82 0
Central Asia 0.61 87 0.61 0 0.70 87 0.70 0
India 0.63 62 0.63 0 0.73 62 0.73 0
China 0.60 79 0.60 0 0.68 79 0.68 0
South Asia 
excluding India 0.49 50 0.49 0 0.55 51 0.55 0
Southeast Asia 0.50 60 0.50 0 0.56 60 0.56 0
Asia 0.58 70 0.58 0 0.66 70 0.66 0
Sub-Saharan 
Africa (SSA) 0.46 55 0.46 0 0.52 55 0.52 0
Latin America (LA) 0.47 90 0.47 0 0.53 90 0.53 0
West Asia/North 
Africa (WANA) 0.73 53 0.73 0 0.86 53 0.86 0
Developed countries 0.69 88 0.69 0 0.72 88 0.72 0
Developing countries 0.58 72 0.58 0 0.67 72 0.67 0
World 0.61 77 0.61 0 0.68 77 0.68 0
Source:  Authors' estimates.
Notes: HP indicates the higher price scenario; HP-LENV, the higher price, lower environmental water
share scenario; HP-HE, the higher price, higher basin efficiency scenario; and HP-HE-LENV, the higher
price, higher basin efficiency, lower environmental water share scenario. BE is basin efficiency and envi-
ronmental share, the share of total water savings from the non-irrigation sector that goes to the envi-
ronment as a result of higher water prices.
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majority of estimates are for the domestic sector in developed countries, particu-
larly the United States. 
Many factors influence values for water price elasticity including sector, season,
region (developed versus developing, rural versus urban, and so on), and, for domes-
tic demand, indoor versus outdoor use. The available evidence shows that the elas-
ticity of water demand in terms of water prices is relatively low, particularly in the
agricultural sector. Gracia, Garcia Valinas, and Martinez-Espineira (2001) present
a survey of the main issues involved in the estimation of residential water demand,
and Dalhuisen et al. (2002) and Espey, Espey, and Shaw (1997) provide meta-analy-
ses of price elasticities of residential water demand. The elasticities used in our model
are summarized in Table 6.2. Agricultural elasticities include both irrigated crop agri-
culture and livestock. Where a range of values is shown for a country or region, the
different values refer to different river basins or subregions.
Figures 6.1 and 6.2 illustrate the aggregate impact of water prices on industri-
al and domestic water demand respectively, under the specified water demand elas-
ticities, for both the developing and developed world in 2025. 
The industrial, household, and livestock water demand elasticities in terms of
water prices shown here are long-term elasticities reflecting full adjustment in water
demand to changes in water prices. The irrigation water demand elasticities are
short-term elasticities that reflect the change in water withdrawal and total water
consumption in response to changes in water prices, including substitution of vari-
able inputs such as labor and fertilizer for water. The longer term response of 
Table 6.2Water price elasticities 
Region/Country Domestic Industrial Agriculture
United States -0.30 to -0.50 -0.45 to -0.72 -0.08 to -0.14
China -0.35 to -0.55 -0.55 to -0.80 -0.09 to -0.16
India -0.30 to -0.55 -0.50 to -0.80 -0.08 to -0.16
European Union 15 -0.16 -0.45 -0.04
Japan -0.22 -0.45 -0.06
Australia -0.45 -0.67 -0.11
Other developed countries -0.31 -0.53 -0.08
Eastern Europe -0.24 -0.44 -0.06
Central Asia -0.45 -0.77 -0.11
Rest of former Soviet Union -0.35 -0.67 -0.09
Latin America (LA) -0.40 to -0.50 -0.70 to -0.80 -0.07 to -0.12
Sub-Saharan Africa (SSA) -0.45 to -0.55 -0.60 to -0.8 -0.10 to -0.15
West Asia/North Africa (WANA) -0.44 to -0.57 -0.75 to -0.85 -0.10 to -0.20
South Asia -0.35 to -0.40 -0.65 to -0.75 -0.08 to -0.11
Southeast Asia -0.35 to -0.45 -0.65 to -0.80 -0.09 to -0.12
Source:  Author estimates based on Dalhuisen et al. (2002); Espey, Espey, and Shaw (1997); Gracia,
Garcia Valinas, and Martinez-Espineira (2001).
Notes:  Ranges indicate different river basins or subregions.
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Figure 6.1—Industrial water demand as a function of water prices, 2025
Source: IMPACT-WATER projections, 2002.
Notes: A relative water price of 1.0 corresponds to the business-as-usual
scenario level. Km indicates cubic kilometers.
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Figure 6.2—Domestic water demand as a function of water prices, 2025
Source: IMPACT-WATER projections, 2002.
Notes: Domestic water represents connected households only; a relative water
price of 1.0 corresponds to the business-as-usual scenario level. Km indicates
cubic kilometers.
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beneficial irrigation water demand to water prices is determined also by the response
of water use efficiency to water prices.  
Farmers respond to higher water prices not only by a direct reduction in water
withdrawals and consumption but also by improving water use efficiency so that a
greater portion of water is used beneficially for crop production (Varela-Ortega et
al. 1998; Zilberman, Chakravorty, and Shah 1997; Shah, Zilberman, and
Chakravorty 1995; Caswell and Zilberman 1985, 1986). Water use efficiency can
be increased by investment in water-conserving irrigation technology, such as drip
and sprinkler irrigation, or by improving the on-farm management of the water to
reduce losses to nonbeneficial consumption. In the context of the IMPACT-
WATER model, the longer term efficiency response to water prices is represented
by the elasticity of basin efficiency in terms of water prices. The literature cited
immediately above shows that higher water prices induce improvements in irriga-
tion technology and reductions in water use. Direct estimates of basin efficiency elas-
ticities are not, however, available from the literature, so we examine two efficiency
responses through the scenario variants HP and HP-HE. HP is a “worst-case” sce-
nario, with an assumed basin efficiency response to water prices of 0.0. For the HP-
HE scenario, the basin efficiency elasticities are set at what we regard as medium
values. Under HP-HE the values of the elasticity of basin efficiency with respect to
water prices average 0.04 for developed countries and 0.08 for developing countries,
with the regional values ranging from 0.06 in Southeast Asia to 0.09 in West Asia
and North Africa (WANA) (Table 6.3).
Table 6.3Elasticity of basin efficiency in terms of irrigation water pricing, 
various scenarios
Region/Country HP, HP-LENV, and BAU HP-HE and HP-HE-LENV
Asia 0.0 0.069
China 0.0 0.067
India 0.0 0.079
Southeast Asia 0.0 0.060
South Asia excluding India 0.0 0.061
Latin America (LA) 0.0 0.064
Sub-Saharan Africa (SSA) 0.0 0.065
West Asia/North Africa (WANA) 0.0 0.089
Developed countries 0.0 0.043
Developing countries 0.0 0.078
World 0.0 0.065
Source:  Authors' estimates.
Notes: BAU indicates the business-as-usual scenario; HP, the higher price scenario; HP-LENV, the
higher price, lower environmental water share scenario; HP-HE, the higher price, higher basin efficien-
cy scenario; and HP-HE-LENV, the higher price, higher basin efficiency, lower environmental water
share scenario.
Non-Irrigation Water Demand
Non-irrigation consumptive water uses include industrial, domestic, and livestock
water demand. Under the higher price scenario, water demand in 2021–25 decreas-
es by large amounts compared with BAU levels for all regions (Table 6.4). Total non-
irrigation consumptive water use declines from 599 to 449 cubic kilometers
worldwide, from 395 to 285 cubic kilometers in developing countries, and from
204 to 164 cubic kilometers in developed countries. These numbers correspond,
approximately, to water withdrawal decreases for non-irrigation sectors of 345 cubic
kilometers globally, 110 cubic kilometers in developed countries, and 235 cubic kilo-
meters in developing countries compared with BAU. 
The changes in total domestic water consumption result from the changes in
per capita water demand for connected and unconnected households. More detailed
data on per capita domestic demand for connected and unconnected households
are presented in Table 6.5.
In 1995, per capita water demand in urban and rural areas is 1.5 to 2.0 times
higher for connected than for unconnected households in developing countries; in
developed countries, it is estimated at 1.7 times higher for connected households
in urban areas and 2.1 times higher for connected households in rural areas (see also
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Table 6.4Consumptive water use for non-irrigation sectors under business-
as-usual and higher price scenarios, 202125 
Consumptive water use (km3)
Total
Domestic Industrial Livestock Non-Irrigation
Region/Country BAU HP BAU HP BAU HP BAU HP
Asia 160.2 126.2 92.6 55.1 26.2 23.2 279.0 204.5
China 60.9 46.2 32.1 18.5 7.6 6.7 100.6 71.3
India 41.4 34.0 16.0 9.8 8.3 7.4 65.7 51.2
Southeast Asia 31.2 24.0 21.3 11.6 4.2 3.7 56.7 39.3
South Asia excluding 
India 16.7 13.8 4.7 2.6 3.9 3.5 25.4 20.0
Latin America (LA) 31.0 23.4 30.2 16.1 12.7 11.2 73.8 50.6
Sub-Saharan 
Africa (SSA) 24.5 19.5 2.5 1.3 4.3 3.7 31.3 24.5
West Asia/North 
Africa (WANA) 13.2 9.3 8.8 4.5 3.3 2.8 25.3 16.6
Developed countries 69.9 61.3 115.7 85.6 18.5 17.5 204.0 164.4
Developing countries 225.5 175.2 123.8 69.1 46.2 40.6 395.4 284.9
World 295.3 236.5 239.5 154.6 64.6 58.1 599.4 449.2
Source:  IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates business-as-usual scenario; HP, higher price scenario;
and km3, cubic kilometers.
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Table 5.6). Given a relative reduction in water demand in the connected sectors from
higher water prices, making more water available for the unconnected sector, we
assume that per capita water demand for unconnected households is at least 60 per-
cent of the connected household demand by 2010 and is a minimum of 75 per-
cent of the connected household demand by 2021–25. 
Under the higher price scenarios, domestic demand for connected households
decreases sharply causing water savings, which in turn cause unconnected demand
to increase slightly. For example in 2021–25 in Latin America (LA), per capita water
demand for connected households is one-third less, and for Sub-Saharan Africa
(SSA), it is one-quarter less. In developing countries, per capita water demand in
connected households declines from 38.3 cubic meters under BAU to 28.1 cubic
meters, but unconnected households increase per capita consumption from 19.4 to
21.1 cubic meters (Table 6.5).  
Higher Water Pricing Scenarios: Environmental Flows and Food
Production
All the higher water price scenarios show lower levels of water withdrawal and water
consumption in 2021–25 than under BAU (Tables 6.6 and 6.7). Among the 
Table 6.5Per capita domestic water demand under business-as-usual and
higher price scenario, 1995 and 202125
Per capita domestic water demand (m3/capita/year)
1995 202125 projections
baseline estimates BAU HP
Region/Country Connected Unconnected Connected Unconnected Connected Unconnected
Asia 35.1 18.7 42.2 20.7 31.1 22.7
China 36.1 18.8 46.9 21.6 32.7 25.8
India 35.0 18.6 36.7 19.1 27.5 20.7
Southeast Asia 35.6 20.2 48.7 26.2 35.9 26.7
South Asia excluding 
India 30.7 17.8 32.4 20.3 26.4 20.6
Latin America (LA) 39.4 20.9 49.1 24.1 32.7 26.3
Sub-Saharan 
Africa (SSA) 24.1 13.5 25.0 14.4 18.6 14.7
West Asia/North 
Africa (WANA) 23.2 12.6 24.3 13.4 16.5 14.7
Developed countries 48.7 23.8 54.5 34.3 47.7 34.4
Developing countries 33.7 18.2 38.3 19.4 28.1 21.1
World 39.3 18.3 41.6 19.6 32.0 21.2
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: Data are annual averages. BAU indicates business-as-usual scenario; HP, higher price scenario;
and m3/capita/year, cubic meters per capita per year.
higher water pricing scenarios, HP and HP-HE have the lowest global water with-
drawal and consumption levels with reductions of 839 cubic kilometers in water
withdrawal and 287 cubic kilometers in water consumption compared with BAU.
These water savings from water price increases—18 percent of BAU withdrawals
in 2021–25 and 14 percent reduction in consumptive use—represent a major
increase in water allocated to environmental flows.  
Even for the scenarios where non-irrigation water conservation is not com-
mitted on a priority basis to environmental uses—HP-LENV and HP-HE-
LENV—water withdrawal is 730 cubic kilometers less and water consumption 238
cubic kilometers less than under BAU. The reduction in water withdrawals remains
high under these scenarios because only basins with severe, absolute annual or sea-
sonal water shortages tap water saved from non-irrigation sources because water
demand for irrigation is also reduced by higher water prices. The reductions in water
withdrawal (and resultant increases in environmental flows) are even greater in
some regions, with reductions in withdrawals of more than 20 percent in China,
Southeast Asia, LA, and WANA. 
Although the total water consumption in 2021–25 under HP-HE is the same
as under HP (Table 6.7), the beneficial water consumption for irrigation is sub-
stantially higher, generating significant crop production gains. Total irrigation con-
sumption is 1,393 cubic kilometers under both HP and HP-HE, which is lower
than the 1,493 cubic kilometers under BAU. Within the IMPACT-WATER model,
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Table 6.6Water withdrawal under business-as-usual and four higher price
scenarios, 202125
Water withdrawal (km3)
Region/Country BAU HP HP-LENV HP-HE HP-HE-LENV
Asia 2,420 1,995 2,041 1,994 2,040
China 844 676 703 676 703
India 822 692 700 692 699
Southeast Asia 278 222 228 222 228
South Asia excluding  India 416 360 364 360 365
Latin America (LA) 402 302 332 302 332
Sub-Saharan Africa (SSA) 207 172 176 172 176
West Asia/North Africa (WANA) 294 230 234 230 234
Developed countries 1,272 1,080 1,103 1,080 1,103
Developing countries 3,481 2,834 2,920 2,833 2,920
World 4,752 3,913 4,023 3,913 4,022
Source:  IMPACT-WATER projections, 2002.
Notes:  Data are annual averages. BAU indicates the business-as-usual scenario; HP, the higher price
scenario; HP-LENV, the higher price, lower environmental water share scenario; HP-HE, the higher
price, higher basin efficiency scenario; HP-HE-LENV, the higher price, higher basin efficiency, lower
environmental water share scenario; and km3, cubic kilometers.
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the share of total irrigation water consumption that is beneficial to crop growth
equals the total irrigation water consumption multiplied by the BE. Because glob-
al basin efficiency under HP-HE is higher than that under HP (0.68 versus 0.61,
see Table 6.1), beneficial irrigation water consumption under HP-HE is substan-
tially higher—947 compared with 850 cubic kilometers under HP, and higher
even than the 912 cubic kilometers under BAU.
At a global level, the criticality ratio of water withdrawal to total renewable water
under HP is 8 percent compared with 10 percent under BAU (Table 6.8). The most
significant changes in the ratios of water withdrawal to total renewable water occur
under HP and HP-HE compared with BAU. In China and India, for example, the
ratio is 0.06 lower under HP and HP-HE than under BAU, and in WANA 0.19
and 0.17 lower under HP and HP-HE, respectively, than under BAU. As shown
in Box 6.1, the criticality ratio drops dramatically in the severely water-scarce basins,
indicative of the drop in water withdrawals for human uses, causing increased envi-
ronmental flows and reduced reuse of water, ultimately improving the quality of
water in the river basin.
The irrigation water supply reliability index (IWSR) varies across scenarios
depending on BE improvement and the share of water conservation from non-irri-
gation sectors. IWSR values under HP-HE and HP-HE-LENV are close to those
under BAU. Under these two scenarios, we assume agricultural BE increases in
response to the increase in water prices, with the relative magnitude of the response
given by the BE elasticities in Table 6.3. Under HP-HE-LENV, under which no
Table 6.7Water consumption under business-as-usual and four higher price
scenarios, 202125
Water consumption (km3)
Region/Country BAU HP HP-LENV HP-HE HP-HE-LENV
Asia 1,090 937 958 936 958
China 329 277 289 277 289
India 402 349 353 349 353
Southeast Asia 144 121 125 120 124
South Asia excluding  India 192 171 172 170 172
Latin America (LA) 167 135 149 135 149
Sub-Saharan Africa (SSA) 91 79 81 79 81
West Asia/North Africa (WANA) 161 132 134 132 134
Developed countries 479 429 438 429 438
Developing countries 1,595 1,359 1,399 1,359 1,399
World 2,075 1,788 1,837 1,788 1,837
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; HP, the higher price
scenario; HP-LENV, the higher price, lower environmental water share scenario; HP-HE, the higher
price, higher basin efficiency scenario; HP-HE-LENV, the higher price, higher basin efficiency, lower
environmental water share scenario; and km3, cubic kilometers.
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water is committed to the environment from non-irrigation water conservation, BE
values are the same as those under HP-HE, but IWSR values are higher than under
BAU and HP-HE in most regions (Table 6.9). 
Under HP and HP-LENV, where BE levels are the same as under BAU, IWSR
values are lower than BAU levels. When irrigation has first priority over the water
conserved from the non-irrigation sector—as under HP-LENV—IWSR values
improve but are still lower than those under BAU (0.69 compared with 0.75 in the
developing world). Hence on an aggregate basis for developing countries, water sav-
ings from the non-irrigation sectors used for irrigation in supply-constrained river
basins only partly compensate reduced irrigation water demand resulting from
higher agricultural water prices.
Under HP-HE, the change in irrigated and total cereal production is slight
because the increase in BE almost fully compensates the reduction in total water con-
sumption, maintaining beneficial water consumption close to BAU levels (Table
6.10). Some regions have slight improvements in production, such as LA and
Southeast Asia. Other regions still show small declines in cereal production, includ-
ing WANA, China, and India. But even in very water-scarce basins such as the
Yellow and the Indus, cereal production is restored to nearly BAU production lev-
els under HP-HE (see Box 6.1). HP-HE-LENV shows an increase in irrigated cere-
al production of about 2 percent compared with BAU because of the efficiency
improvements and the access of supply-constrained basins to water conserved from
non-irrigation sectors.  Under HP and HP-LENV, where BE is the same as under
Table 6.8Ratio of water withdrawal to total renewable water under business-
as-usual and four higher price scenarios, 202125
Ratio of water withdrawal to total renewable water
Region/Country BAU HP HP-LENV HP-HE HP-HE-LENV
Asia 0.20 0.16 0.17 0.16 0.17
China 0.33 0.27 0.28 0.27 0.28
India 0.36 0.30 0.31 0.30 0.31
Southeast Asia 0.05 0.04 0.04 0.04 0.04
South Asia excluding India 0.21 0.18 0.17 0.18 0.17
Latin America (LA) 0.03 0.02 0.02 0.02 0.02
Sub-Saharan Africa (SSA) 0.04 0.03 0.03 0.03 0.03
West Asia/North Africa (WANA) 0.86 0.67 0.69 0.67 0.69
Developed countries 0.10 0.09 0.09 0.09 0.09
Developing countries 0.10 0.08 0.09 0.08 0.09
World 0.10 0.08 0.09 0.08 0.09
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; HP, the higher price
scenario; HP-LENV, the higher price, lower environmental water share scenario; HP-HE, the higher
price, higher basin efficiency scenario; and HP-HE-LENV, the higher price, higher basin efficiency,
lower environmental water share scenario.
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BAU, irrigated cereal production declines. HP has the largest negative impact on
irrigated production of these scenarios. Compared with BAU, the irrigated cereal
production in developing countries under HP declines by nearly 5 percent. The
biggest percentage reduction in irrigated production is in WANA (9 percent), where
a large proportion of the decline in consumption is beneficial because BE is high
(Table 6.10).
Under HP-LENV, where irrigation has first access to water saved from non-
irrigation sectors, irrigated production in developing countries declines by only 2.4
percent. It appears surprising that LA, which is not generally water-scarce, increas-
es production significantly under HP-LENV compared with HP, while India gains
little. But non-irrigation water consumption in LA is much higher relative to India
(43 percent of total water consumption compared with 19 percent), so that greater
water savings are available for irrigation through water price increases. And although
water is not generally scarce in LA, seasonal water shortages are met with water from
non-irrigation savings. 
Net cereal trade in 2021–25 is affected under all scenarios compared with BAU,
but the changes are not large (Table 6.11). HP-HE-LENV shows net cereal imports
declining by 4.2 million metric tons in the developing world compared with BAU.
The scenarios with BE values the same as BAU (HP and HP-LENV) show increased
net cereal imports in developing countries. HP-LENV projects an increase in net
cereal imports in the developing world of 5 million metric tons over BAU levels by
2021–25, and HP shows a 10 million metric ton increase. 
Table 6.9Irrigation water supply reliability under business-as-usual and four
higher price scenarios, 202125
Irrigation water supply reliability
Region/Country BAU HP HP-LENV HP-HE HP-HE-LENV
Asia 0.76 0.68 0.70 0.76 0.78
China 0.77 0.69 0.72 0.77 0.81
India 0.73 0.64 0.65 0.73 0.74
Southeast Asia 0.84 0.77 0.81 0.85 0.89
South Asia excluding India 0.75 0.68 0.68 0.75 0.76
Latin America (LA) 0.74 0.67 0.77 0.75 0.86
Sub-Saharan Africa (SSA) 0.71 0.64 0.66 0.71 0.73
West Asia/North Africa (WANA) 0.73 0.62 0.63 0.72 0.73
Developed countries 0.90 0.85 0.88 0.89 0.92
Developing countries 0.75 0.67 0.69 0.75 0.78
World 0.77 0.70 0.72 0.77 0.80
Source:  IMPACT-WATER projections, 2002.
Notes:  Data are annual averages. BAU indicates the business-as-usual scenario; HP, the higher price
scenario; HP-LENV, the higher price, lower environmental water share scenario; HP-HE, the higher
price, higher basin efficiency scenario; and HP-HE-LENV, the higher price, higher basin efficiency,
lower environmental water share scenario.
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Box 6.1The role of water pricing in water
scarce basins
Increased water prices have a strong impact on water withdrawals in
water scarce basins and countries. As evidenced by the ratio of water
withdrawal to renewable water, withdrawals drop significantly under
HP and HP-HE compared with BAU, including declines of 23 percent
in the Haihe, 19 percent in the Yellow, 20 percent in the Indus, and 15
percent in the Ganges river basins, and 23 percent in Egypt.
Although the  irrigation water supply reliability index (IWSR) is
reduced significantly under HP compared with BAU, the increasing
basin efficiency implemtented under HP-HE replenishes IWSR in these
basins and countries. IWSR values decline for all the focal water scarce
basins under HP, with reductions of 0.08 to 0.12. Under HP-HE, how-
ever, with increases in basin efficiency in response to higher water prices,
IWSR only declines by 0.02 compared with BAU in the Haihe river
basin and in Egypt, and remains the same or slightly increases in the
remaining basins. Correspondingly, irrigated cereal yields relative to
potential yields decline under HP but generally increase under HP-HE.
The relative irrigated cereal yields decline 5-13 percent under HP com-
pared with BAU, while they remain the same as BAU under HP-HE for
the Haihe and Egypt, and increase slightly for the Yellow, Indus, and
Ganges river basins. These impacts on irrigated yields in the water scarce
basins lead to decreased total cereal production under HP-HE. Impacts
on cereal production under HP are higher in water scarce basins because
a high proportion of consumption is used beneficially. Shortfalls in total
cereal production compared with BAU range from 4 to 9 percent for the
Haihe, Yellow, Indus. and Ganges river basins, and are 9 percent for
Egypt. But under HP-HE, these basins are able to use increased efficien-
cy to reduce or eliminate production shortfalls. The Yellow and Indus
river basins have slightly higher cereal production under HP-HE than
under BAU. Cereal production in Egypt recovers significantly from HP
levels but remains 3 percent below BAU levels, while it is less under HP-
HE in the Haihe and Ganges river basins than under BAU (1.5 and 0.5
percent, respectively).
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Table 6.10Change in irrigated cereal production relative to the business-as-
usual level for four higher price scenarios, 202125
Change in Irrigated cereal production relative to BAU levels
HP HP-LENV HP-HE HP-HE-LENV
Region/Country (million mt) (%) (million mt) (%) (million mt) (%) (million mt) (%)
Asia -32.5 -4.3 -17.1 -2.3 0.1 0.0 14.5 1.9
China -16.7 -4.3 -2.6 -0.7 -0.3 -0.1 13.5 3.4
India -10.1 -5.7 -10.0 -5.6 -0.2 -0.1 -0.2 -0.1
Southeast Asia -1.6 -1.8 -0.6 -0.7 0.2 0.2 1.1 1.3
South Asia 
excluding India -3.7 -5.4 -3.6 -5.2 0.3 0.4 0.1 0.1
Latin America (LA) -2.2 -4.1 1.0 1.9 0.2 0.4 3.9 7.3
Sub-Saharan 
Africa (SSA) -0.2 -1.4 0.0 0.0 0.1 0.7 0.4 2.7
West Asia/North 
Africa (WANA) -4.7 -8.9 -4.6 -8.7 -1.2 -2.3 -0.9 -1.7
Developed countries -2.8 -1.0 1.2 0.4 0.3 0.1 4.2 1.6
Developing countries -40.1 -4.6 -21.1 -2.4 -0.9 -0.1 18.1 2.1
World -42.9 -3.8 -19.9 -1.7 -0.6 -0.1 22.2 2.0
Source:  IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; HP, the higher price
scenario; HP-LENV, the higher price, lower environmental water share scenario; HP-HE, the higher
price, higher basin efficiency scenario; HP-HE-LENV, the higher price, higher basin efficiency, lower
environmental water share scenario; and million mt, million metric tons.
Table 6.11Net cereal trade under business-as-usual and four higher price
scenarios, 202125
Net cereal trade (million mt)
Region/Country BAU HP HP-LENV HP-HE HP-HE-LENV
Asia -136.8 -150.5 -143.5 -135.6 -128.6
China -47.3 -56.5 -45.3 -46.6 -34.2
India -10.5 -15.3 -17.6 -10.7 -13.5
Southeast Asia -8.9 -7.5 -8.0 -8.8 -9.2
South Asia excluding India -19.5 -21.3 -22.1 -19.2 -20.8
Latin America (LA) -17.9 -14.0 -13.4 -17.6 -16.5
Sub-Saharan Africa (SSA) -26.9 -22.5 -24.4 -26.5 -28.5
West Asia/North Africa (WANA) -81.5 -84.5 -86.2 -84.1 -85.6
Developed countries 233.9 243.4 239.1 234.7 229.7
Developing countries -233.9 -243.4 -239.1 -234.7 -229.7
World 0.0 0.0 0.0 0.0 0.0
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario; HP, the higher price
scenario; HP-LENV, the higher price, lower environmental water share scenario; HP-HE, the higher
price, higher basin efficiency scenario; HP-HE-LENV, the higher price, higher basin efficiency, lower
environmental water share scenario; and million mt, million metric tons.
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Figure 6.3—World food prices under business-as-usual and four
higher water price scenarios, 2021–25
Source: IMPACT-WATER projections, 2002.
Notes: Data are annual averages. BAU indicates the business-as-usual scenario;
HP, the higher price scenario; HP-LENV, the higher price, lower environmental water
share scenario; HP-HE, the higher price, higher basin efficiency scenario; and HP-
HE-LENV, the higher price, higher basin efficiency, lower environmental water share
scenario.
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World food prices are affected in all higher price scenarios compared with BAU;
(Figure 6.3). HP and HP-LENV, with BE values the same as BAU, generally show
the most significant increases for most crops. HP projects an increase in world food
prices of 9–13 percent for cereals and 4 percent for soybeans. HP-HE and HP-HE-
LENV, having higher BE values than BAU, tend to have similar prices to BAU (or
lower for certain crops). HP-HE-LENV results in decreases in world prices, with
declines of 3–5 percent for all major cereal crops.
SUMMARY
The results presented in this chapter show that water prices are a powerful tool for
influencing water demand in domestic, industrial, and agricultural sectors—and
therefore in determining the availability of water for the environment. Even though
the water demand response to water prices is relatively small in agriculture, the total
amount of water saved through water price increases is large because irrigation
accounts for such a large share of water use.  Conversely, although water consump-
tion in domestic and industrial sectors is relatively small, the price response is high,
so these sectors also contribute substantially to water savings.  
Even under the worst-case where water prices have no impact on basin effi-
ciency, the large percentage changes in water prices have relatively modest impacts
on food production. These modest impacts occur because the water price response
is low in agriculture and the declines in irrigated production cause increases in food
prices that induce more rainfed production (and partially mitigate the fall in irri-
gated production). Also, in a few water-scarce regions where water use is constrained
by water availability rather than water prices, a portion of the water released from
nonagricultural uses provides additional water for irrigation.
In the more likely case that there are at least moderate increases in BE in
response to increases in agricultural water prices, beneficial water consumption for
irrigation is maintained at nearly the BAU levels, even though total consumption
declines when water prices increase. Even severely water-scarce river basins such as
the Yellow and the Indus basins are able to compensate for water price increases and
achieve water use efficiencies, irrigation reliability, and cereal production nearly
equal to—and in some cases slightly higher than—BAU levels. The major benefi-
ciary in the higher price scenarios is the environment. The dramatic reduction in
the ratio of withdrawals to total water availability in response to price increases means
a significant improvement in water quality as the reuse of water declines, and the
reduction in water withdrawals provides a major increase in environmental flows.   
NOTES
1. The single-climate scenarios conserve simulation time and resources.
Comparative analysis of BAU, SUS, and CRI single-climate runs versus 30-cli-
mate runs indicated that the relative impacts of alternative scenarios on the out-
comes were virtually identical. Hence, single-climate runs were used for the
remaining scenarios.
2. The elasticity of water demand in terms of water price represents the respon-
siveness of water demand to a change in the price of water.  It is expressed as
percentage change in water demand in response to a percentage change in
water price. Thus an elasticity of 0.50 means that a 10 percent increase in water
price would result in a 5 percent decrease in water demand.
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